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Study on the Reduction of Residual Stress in Insert Molding Products

Student: Ren-Yu Yeh Advisor: Dr. Ray-Quen Hsu

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

Insert molding is gradually adopted in the product design because it reduces the
process of assembly and raises the strength of products. However, the coefficient of
thermal expansion (CTE) difference between metal and plastic is significant. It induces
crack around the insert parts when these plastic parts encounter temperature variation.

A flat specimen with cylindrical insert was designed. We made 4 types of specimens,
each type with different mold temperature and insert parts temperature. We compared
the residual stress around the insert part and-areas.away from insert part before and
after annealing. Differences that the insert- made on thermal residual stress and flow
residual stress were discussed. We used temperature cycling and liquid nitrogen
quenching to find the relation between cracks and residual stress.

Experiment results showed that the effect of annealing for decreasing the residual

stress reduced in areas around the insert parts. Higher insert parts temperature in
injection increased the annealing time for elimination of residual stress. The cracks

appeared at peaks of residual stress.

Keyword: Plastic, Insert molding, Residual stress, Crack
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Lk enI AR IS EIE PR o FI G TR HRRIZ v H
BE AN REAT > T E S 2 B RTEL KR A 3 H S
o KRR E AT e kkR o> BN HS 2 KBRS > R AT FL K

AARE - R S el

CEER IS ETEE

1. T5 (plane) Hirsk @ kb E4 4| o- BE- T g o

2. ) (circular) #h¥esk @ % ks Bip 7z 3 % @I Lo § X B3R5 F

A

R Celliptical) #4Rsk @ g iRl iR % » £ w £ & 2B EE0 & #7F) 80 5007

AR o
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2-5-3 T & ik (plane polarizer)

kB PR T G R T T T G kR 2 K e A
ATt e A > HEA PTG KF kS kR %k - 0 LXK
R kL E - PRk TP A - B e kgl PN P AR
BLEPE B MG A PTG /A ST ERE T A KT A

Ju N
7

R
=N

ok LB B PR 2 kST -

2-5-4 375+ (birefringence)

{3t RSP i iR LW B T S ¢ 5E g o (in-plane)
A T a it o FLLkp B L fEad B ALY U Foauk B iR
R B g BB R S PR Agh L1 %0 & BIH G Podh (fast axis)
2 b (slow axis) o £ F iesg e AL & B35+ (doubly refracting 2

birefringent) » m ¥ 4 * kg ¥, ¥ (waveplate) o

TR- BEREGL SR X (m,c) & (nz,ce) A8 &%
1823 20 (37845 > XBFEER) c2no>n Pla>e » B9 idhl i

Pegh® 4 $h2 S Mdhe FiRREEN LV HY BiIRSD v i ]2
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Wi - BER RIS Y ARk E G ANEA BAE p RS s @Y
pElet 61 =(m-1)h & 6o=(m-1)hFTH - Fn> n PP

ITHE 02> 01 ©

YeB2-10%77m > B BFE S A PR R AR T A 0 5

A=52—51=]7(172—H1) (5)

mEAREERPTHAG

A=(27 / A)6 =2mh/ A (m — m) (6)

2-5-5 48 »& T BEG kE

AR AEE-L SLELREF L E L NS N L FE L) S
PR A ph7 383 2 e MR ALA LS B e S o FUL k& i
MR - BARS S ededak A gt A b oo 7 AR

Plg FARHERAAL o A AP ARI LN T g s Bl £ o

KB A LA B ET Gt SR AL o kB AAL

WOl S R T o - S ek B P16 R o S
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At G UE Ly - P ERHPL RS T A TR 4
RS EATIF P 0 R APER G ERS 3R 62 AR

et

RN

Y Eie - Bihd 4 fhg R T DPhh B o ]t 3T 8 5
fendilc XA Gk ¥ - B REPRL A § KRR A LATH T §
R R TR R 0§ REREE N G RS T L TRk
BEA LGP RRES KL > B R LA EERRAL L e F N B
(retardation ,R) - H475+F 7 g g F T 4 it m 2% > 5 WOk
FR Rk T Er > )T d kIRIER T e R 4 R o kS
BIEA e 2 0 B BEEAEERARA GO S (B B A X A4 (S

HER S A G BT R A SR

KiRE R g kg o RMIERE R iR FURRA ERER L
FOUERE - A cniE R A R aniER (fringe order) e @ i * H 4
Ky IR BP PG R S Al kRN s e R
BRAEEZ A4 e xdh (Rygh) T FpAagk fpinL g
Bk £ > Fla g kB2 PaiER > BPE2 FRT R RBESR R4
R INER S RN TR T T TN SRS

AR R B BRXREBERERRS 2 R
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X aneR i AR R i B GREA 40T
m—nm = Puxoi1 + P2 xoq (7)
ne—nm = Puxo:+ Pezxo (8)

BY mi b AXEARETAITHFT > 0108 02 G n &
nr H8 01 $hE gL AT E > P B Pei B4 RE VK

(stress-optic coefficients)

d (7)) & (8) A fApE ol

n—m = (Pe—P)(ovr=02) =c(01—02 ) (9)

n.x
“gh‘i

BY c=Pr —Pus P 5 ¥ #c.

n—m= AN/ (2mh) i o1—o:= AN / (27 he)

B3 o1—0:=Nos/h (10)

d A BRELRYTIE R ER o Vb E I et R A
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B+ £ -829¢ Vi fringe order> M % f, = A/c # 7 HEiER¥ #&
(material fringe value) » =52 TRA-ERB |, c N FE I %>

DR R 8 oo A 4 g T R

2-5-6 ¥ &+ LM 42 (shear-difference method)

R L AR SRR ED TS LR R Y L

g (11)

oy T OX oy .
o~ [ 2o o,=loy) 1 Ty (12)
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d Finite difference * it {7 figs

2 A
A, (£
O'x:(Gx)o_z AyyAx ’ o-y=(ay)0—2 :

AX Ay
(Ox)@‘(O’)o

v

"=

(13)
u:;“f'g‘!;,_i)f%.ﬂ; o

Txy_o- O2sin20 » 4 Fringe Order (V) +
'i- ’ j\bh OX

B gyts 0 A O~

'J01—02’ 9

i

4
<
sy

(14)
2(01_62)

(15)
A W RS IR LY Pis (16)
= = / = 20 O3/ TO0: "0
FRRBEBRTHR
BAFTR2-11, T RP L x Pt BFEAXZ 977 B2 5o 3 54 &
BhCl A B TP AFEREY PERE B vy 28 80 A x it
FEx=0 B4 B e AxHee BRI BE 0 30 X b RIEEHLZ Ay s B F HAB
-"E’ﬁ ’ ftﬁ-"i’_D_f *%-g&#BPE' Xf.l.’f%l‘i & 2L
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B

x fh~ AB ~ CD ! “i4 &

b G PR BhAD TR

B BEZ SESEE X B BT KM A
= SN

e

_ Xy Pl R #-AB S CD AT B2 Hichy
Txy_o- O2,sin26 » Fl 5T 3% x=0
i+ AB ~ CD

:N},f?j ‘Oxéi&’?,/‘%ﬂ
TRA A H o 4cB 2-129 /- AB~CD X B %3 x BF» AB
btaCDﬁg\.vmﬁfm«zAT AX,LmeiKﬁzley“'p 23 x st )’éﬁ"?\.h-i(jx
AR-xihtghz RBIEX BB EELE S A
o,= 0.~ (0.~ 0, )cos20 (17)

d gt iE S R x b RlBLZ SR E A o

l‘§ Er),;l?:;‘ 7 ”;\‘.‘4 45%@9—7\;\;’$§§r]’:”,g\i‘]7 9\3( —E”‘EJ
SHRIL - BN BT et B4 L
F g2 [19][20] -

TRp B By 3R 4 2 £ R

2-6-1 ¢

e S ESRIETEY TR

'j__@
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Wz AT [21] 0 A2 38 $8ce SPUE - HOR ~ SRS S

BESERRAS ZEZALLEF PRI ERY A 2 RTREA

IR L RN Y Y T

(V]
E
=3
L
RED
E
=3
¥
12
&
=3

AR o

5., His it ey SN E /gy T E AT

|k

— et A AEARY o BORERLERE o M R RE RRAXE
AR F R FARTREA > RARRARG F R RS Songsd A s
BRBE-LERTE A g AT W A R S PEER UL T
GRRELERE L ARE LS A S IR PR~ S R

PRRREEFRIMMEL  NAREEKAT R 0 8 LB PR
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2-6-2 # 2

7

REAAES BF A RE P AT R 2 g
(annealing)
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2-7 # Ya B (temperature cycling) £ ¥ & g

2-T-1#EHM 4

# % &+ &% (environmental stress screening » ESS) - & o
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pu)

et B EEA S AR R AE YT o EBRAGF RIS RB RS o e I
Y~ BUATR  ERRE SRR RE. S5 2 B EE LY RRBEGA
S PR I (B B R R R EAREOR ~ AR ) o 1
AT ABREATRS R R R R T RARF 0 MR
Y RGNS LPYRFERTESEEL ?J“’T‘ BigAm % A& i iR B iR o
FFgd Mar ¥ PERIPPE T MELZA SR F ERY X
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GOEGH e AEPRE R ARG AR LS
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BR b TR f:—g_z/';/‘ggc B A g IL??@R—BZI 7] 55°C e

MYTEFR IV RTER, AV AE BT R R FRSEAEL R
A HReOlsd BT INBGERT S AR ASDORGERT Y 7 4

Fom Rt iR R R ok 2-1824 2-2-

B DONER RS GE e 4 LY EASEN 1

ARAZFIREDGT o S WERE FES 0 BRBRECI~I B
Pl (F 3 &FE ~ - =G E)TI20~60 B HEIECHE % &E ~ - S FE )N
F o0 EET R 2 ek d (workmanship)# e ~ K% & 6~10 B 73
B icdygoond tp o FOREEPTERER G el A RN E &
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2. WX~ dxd T LA TS LG Feten 2 AN g R

300 4482 10 AT RS BT R

BEF R ERT S FIINE A T ARR NI o e

TR F R DfEE G A AT UEE S o B SRR ik
Pl ERPEELSIRE LG IS DER TR S dopt b fr2 (S

MmN IS o

ETESEEIE ST LS GICESE RENESSEES

FAHAR S o d T LARRE BB L RO T TIERT R R

5. ﬂ?r 'ai;ﬁ)l‘%q; 3’_%4};‘;? 1] 15';‘]'1‘9 EE sk %;’{)'f%’l s 7%%;‘“ ENN LAY, ’i’rﬁ;lﬁ]%fr

FEAGRS 2R

SErLART G R R SRR Wy g R A NE R R
VALY FIVARIE B R ERT KL R BE
FRIAA REEE T RS A A REERIBEEES o

B3 VARG RA iR EARTRA HRBERIPFNE -
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%2- 1+ REAANAP

EC 68-2-14 BRI
MIL-STD-2164 TIRE BB FE > 2 =GIB1032-1990
GJB1032-1990 THFERABRBRS BEF 2
DOD-HDBK-344 TIRFRBRA HE=GIB/Z34-1993
NABMAT-9492 £F 5 B3 HE
JIS C5030 NE

£2- 2L FRPAAR LK

Corporation Cycle |Temperature(C) Range
Lockheed Mi(s:s(.)iles and space 28/71 99
General Electric Co. 6~10 -53/55 108
Decca Rader, Ltd 20 -15/55 40
Radiation Incorporated 10~25 -53/55 108
Boeing Co. 3~12 -53/55 108
Motorola 22 -53/71 124
Collins Radio Co. 9~25 -53/71 124

Honeywell, Incorporated

VW(D srver) P 12 -25-55 80
Hewlett Packard Co. 16 0/55 55
Delco(AC) Electronics 5 -28/48 76
Raytheon-Equipment Div. 5 0/71 71
Sandia Corporation 3~5 -53/71 124
Texas Instruments 2~10 -55/55 100
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DODGOOOOGOO

Fibrillar bridges Microvoids Crack

(a) (b)

(c)
W 2- 1 Craze and Crack[12]

(@)A craze showing microvoids and fibrillar bridges
(b)A craze followed by a crack

(c)Photomicrograph of a craze
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(3) Cooling stage

SRR AR

1

(4) Eject stage

W 2- 4 6+ A EAe s 2
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Y% 9m4dene

3-1 R =%¥RB)

W3- 15FkMARR -

dov ke Ve BRARES ARFAT RS B DFR AT
LR ESR % e HE N s o1 E LN LT NP T btiagj}\)x B R st PR T

A VEL B ‘;‘ﬂ'“,f SRS BRI A B i R R

WP SRETRAFRY R AR i B AR TR A R

3-2 R Hd Y

3-2-13%% = +
AR ERE T 20 A & A0mmx F 20mmx B & 2mm([F]5S aeds-

Imm) > 4~ = 5 25 2mmx & 50mm > 4o 3-2 #1F

3-2-2 3 7 H##

LR % PC g2 PS = 8 b~ i 2 SUS304 7 dhdh 3 > AL
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7 8 4 3-1[25] ~ % 3-2[25] + % 3-3 -

3-2-3F P AAjEHR

Pr BRRAE ARG HE ) REERS 15K
BB CBER HEREY - REHEY YRR AL

By FlE (% 3-45 % 3-5) e fAEr 0 LA 3684 3-To

3-2-4FFERE

LFI 33 d R R Pt i dE Hh 1234

3-3-1 61 2 | HE

AEHEY - He RZ B E(B3-4) BT AR R £

Bk R R SEER 0 X ooh dR4e #4527 thermal couple 4 F it ~ 2
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IRAER -
3-3-2 k3B 4 BBl &K

IRl 3-50 s HEBW O KEYRER FRAER ) DA P

A4 > H I kmer o

3-3-3 e @

AR 2 e BG(B 3-6) AR A BER G RERT
T A AR S U E D] AR R E R > 12 thermal couple & B
YN R R BT B R BORE S1TC 4 B 5 S Ak R AR
ez B RIEA S AKX 1 30 2488 35 CHAeE 3 120 C e iR T o
30 A4z fsde b sensor BT R R EE AN L 6C 0 2R 91544
FEE T 120°C o FIEF B OEFEZ R RIS kAo UG I P eE

R #le s fa e

3-3-4 58 -k H,

% 2 KRR 3T T Op SRR A E R
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3-4-2 % R B

(1) 3412340 E REs o @ FRETE 0 PCE R A E 85
BEERE-KF WMER-15RKFEZ L > 2FR 15048 2 FE
}iﬂ&‘gﬁgfﬁﬁl&g 2/40\@’ 1%6:’;’\‘%}%‘}:%\ ; Pséé‘%"r—g/_‘?_ 55&'}1/_51‘

KiF o MR RIS Bk R4 0 PRI Sl PCES o

(2) #HBEHRGEY L L REZ P BAALE R 2ZATRA A

o TREBREY PR R A TP FREBEEELE 5
Edxht BRI RS B0 TREFESELT T RA
4 o

(3) A 47 & W TR 1E > 2

H 2 Fplehz Rao g4 B2 i

PN

EP YRR ERA R M o XA S Sl 2
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% 3- 1 B pepatt’s (PC) AL [25]

Properties Value Unit
Density 1196 kg/m®
Young's modulus (E) 2.3 GPa
Yield stress (o4) 60 MPa
Poisson’s Ratio 0.38
Glass transition point 144 T
Temperature of Deflection 127 T
Melting point 300 C
Thermal conductivity ,k 0.15 | W/(m-K)
Specific heat c 1.5 kJ/kg-K
Molding temperature 85-115 T
Coefficient of thermal expansion 7 10°/K
stress-optic coefficient ,c 7.8x10"| m‘N

% 3- 2 BOF e ((PS) 41 [ 25]

Properties Value Unit
Density 1069 kg/m®
Young's modulus (E) 1.96 GPa
Yield stress (ot) 32 MPa
Poisson’s Ratio 0.38
Glass transition point 100 C
Temperature of Deflection 80 C
Melting point 250 C
Thermal conductivity ,k 0.15 | W/(m-K)
Specific heat ,c 1.8 kJ/kg-K
Molding temperature 30-70 C
Coefficient of thermal expansion 94 10~/K
stress-optic coefficient ,c 4.8x10| m°/N
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http://en.wikipedia.org/wiki/Young%27s_modulus�
http://en.wikipedia.org/wiki/Giga�
http://en.wikipedia.org/wiki/Giga�
http://en.wikipedia.org/wiki/Tensile_strength�
http://en.wikipedia.org/wiki/Young%27s_modulus�
http://en.wikipedia.org/wiki/Giga�
http://en.wikipedia.org/wiki/Giga�
http://en.wikipedia.org/wiki/Tensile_strength�

% 8- 3 7 4hdn 4 SUS304 H AL 4B

Properties Value| Unit
Density 8000 | kg/m®
Young's modulus (E) 193 | GPa
Yield stress (o' t) 515 | MPa
Poisson’ s Ratio 0.3
Melting point 240 C
Thermal conductivity ,k 16.2 |W/(m-K)
Specific heat ,c 0.5 |kJ/kg-K
Coefficient of thermal expansion| 1.72 | 10°/K

% 3- 4 PCHEPFE I A e (522 100 #gstd 48 2 )

Resin temperature (°C.) ;—110 :;Fl% ;;)% ;5%
Pressure limit (% of machine) Sé l;:rz, ES’
Filling time (sec) 1’(:)[ ;I)-g IS
Injection distance. (mm) % gé ‘2’8
Packing pressure (19 I;é ZS 1F;)?(’)
Cooling time (sec) 9

% 3-5PSEF 5t 2 A Sodie (& 22 100 PRETI8 5 )

Resin temperature (°C ) ;_215 ;220 ;13()) i[)%
Pressure limit (% of machine) gé gé I;g
Filling time (sec) Ié Ig -{g
Injection distance (mm) % gg gg
Packing pressure (%) I;)(:)L Eg 1Po?E)

Cooling time (sec) 12
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http://en.wikipedia.org/wiki/Young%27s_modulus�
http://en.wikipedia.org/wiki/Tensile_strength�

% 3-6 PC#Y RAHRRF S8

Type | Mold temperature (°C) | Insert temperature("C)
Casel 70 70

Case2 90 90

Case3 70 85

Cased 70 140

2 3-TPS#EPRH%RTFI 5 8,i

Type | Mold temperature ("C) | Insert temperature (°C)
Casel 60 60

Case2 70 70

Case3 60 75

Case4 60 100
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PCEFILVIHR eV A TR "F1 7 2:018%H ¢ case3

g ] 0 0 31.92% 0 @I SHr 2 AT ed # IHr v > £ B 7
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6 =< f$ F1/m ~ e952.77% > case3 =x 2 > & 54.63% - casel i 76.41% >
case2 5 82.89%; @ I ViBAREY L SB AR FHIATRS 7 €

4 4 ehg o P ¥ A IMPaZ T o heBl 4- 1o

3

FA Tl d S0P 0 A BOETREN G G B,

(O YU g . 5 0 I A=l L1 <r = s 2 ~ [P o,
2 5 T & * YRR UHR e R eIy N
Ba g R et L gt R PIRE R il

e
fa

4-2-2PC3# % B %

190 1Hr {4 casel % 7 43.14%:>case2 = 50.45%-case3 = 44.18% -
case4 » 81.98%: X m 4134 2 3Hr g, casel ¥ 2 T 46.18%: case2
3 64.91% > case3 "% & 39.73% s cased *F 5 41.70% > o ¥ F Ao
B EAcR P VRIS TR R 2 v A A BT
Whg g T%L 29 AF 0 BATL L H G R~ 2 P
R T E RS A AR TR BRI gt blRg o ¥ ohd
HAT G G U R D RORL S AR 4 g A0 en
A TR o

BeRMEREEERERFTART RS ™ " casel 5 50.08%- case2
% 64.13% > case3 = 76.07% - cased % 79.58% » @ i L i eE B R E_
i b 2T IVERENI50% 3 € RN RLBLIRT RS

QMPZ’ﬁ%ﬁﬁﬂ =i %f%w\iﬁﬁq;ﬁﬁpf%j
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f2v F A RFERPFFE T AR om 2 B R A

GV SRR LS TR R RV S L
4-2-3PC# % C %

oWl 4-3 FHRIVEATRES THERRARG 2P I IHr
fs casel *# 5 85.86% > case2 7 91.32% > case3 & = 1 111.92% - case4
% 97.53% > #3194 3 3Hr > casel "% 7 57.22% - case2 i 82.16% -
case3 = 107.62%-cased = 93. 22%»% 7ocasel *hH s gt < rT
PR ALIGHE G 21 BRI L B R A 0 AT
§ 7T A A g A P B LRI R S B TR
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Section CASE1A CASE 1B CASE 1C
Position | 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 71 | 60 | 50 | O 12 | 10 | 10 | O | 38 | 47 | 70 | 85
X(degree) | 76 | 67 | 64 | O | 22 | 13 | 13 | O 0 0 0 | 8
B(degree) | 82 | 71 | 71 0 31122 |19 0 | 22| 8 5 0
A(N) 1]0.80/0.60|0.20|0.00 |1.39|0.12|0.80|0.80|0.80|0.28 | 0.00 [0.00
X(N) 1]0.70|0.50/0.20 | 0.00 {1.39|0.80|0.60 | 0.60 | 0.10 | 0.58 | 0.30 |0.50
B(N) |0.70]0.50|0.28 | 0.00 | 0.80 | 0.60 | 0.45|0.30 | 0.60 | 0.45 | 0.50 |0.60
d(MPA) [2.38/1.96|1.34|1.02|4.26|2.93|258|2.67|0.31|1.58|0.87|2.21
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 68 | 58 | 47 0 18 (18 | 13 | 0 | 19 | O 0 0
X(degree) | 76 | 68 | 59 | O | 20 | 22 | 18 | O 0 |19 | 9 | 84
B(degree) | 83 | 79 | 76 | O | 30 |30 | 22 | 0O |37 | 25| 9 | 84
A(N) 10.70|0.45|0.28 | 0.00 {.1.30{1.10.{0.90 1 0.80 | 0.80 | 0.28 | 0.28 | 0.28
X(N) ]0.70|0.40|0.00 | 0.00/0.90|0.8010.80|0.70 | 0.00 | 0.45 | 0.45 |0.50
B(N) |0.50|0.40|0.00.;0.00{0.80|0.60{0.45}10.45|0.45|0.50 | 0.60 |0.60
d(MPA) (2.42|1.83|1.44| 171 272|231 [2.29|2.05|0.06|1.52|2.01|1.35
Section CASE 3A CASE 3B CASE 3C
Position | 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 75 | 60 | 60 |- 0 15113 | 7 0 |24 |17 | O 0
X(degree) | 79 | 70 | 70 | O | 25.[.25 (13 | O 0 0 7 0
B(degree) | 82 | 79 | 75 | 0O | 50136 | 26 | O | 30 | 17 | 7 0
A(N) 1]0.85/0.60(0.45|0.00|1.30{1.30|1.10/0.90|0.70|0.00|0.30(0.30
X(N) 1]0.70|0.60/0.45|0.45|1.30|1.10{0.80|0.80 | 0.00 | 0.00 | 0.45 |0.45
B(N) |0.70]0.60|0.45|0.28 |0.80|0.70 {0.45|0.30|0.28 | 0.28 | 0.60 | 0.60
d(MPA) [2.38|2.27|2.18|1.29|3.90|3.41|287(3.03/0.26|0.38|1.42|1.51
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 75 | 60 | 58 0 20 | 13 | 5 O | 28 |48 | 75 | 75
X(degree) | 78 | 70 | 70 | O | 27 | 20 | 13 | O 0 0 0 | 84
B(degree) | 85 | 78 | 78 | O | 36 | 30 | 15 | O | 28 | 17 | 6 0
A(N) 10.70|0.60|0.45|0.00|{1.84|1.40(1.39/1.00|0.28|0.00|0.20(0.20
X(N) ]0.70|0.60|0.45|0.00 |0.80|1.00|1.00|0.90|0.00|0.28 | 0.45|0.45
B(N) |0.70|0.60|0.45|0.00 {0.45]0.90|0.90|0.45|0.45|0.45|0.60 |0.70
d(MPA) [2.4312.39|2.35|157|2.16(2.70|2.80(2.61|0.13|1.28|2.03|1.22
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Section CASE1A CASE 1B CASE 1C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 70 | 55 | 52 0 40 | 30 |22 | O |38 |27 |12 | O
X(degree) | 70 | 55 | 55 0 40 | 32 |22 | O |40 | 27 |12 | O
B(degree) | 70 | 62 | 65 O |40 | 37 22| 0 |40 27 |12 | O
A(N) 0.800.50/0.30| 0.00 [1.20|0.80{0.40|0.20 | 0.60 | 0.80 | 0.90 |1.00
X(N) 0.800.50/0.30| 0.00 {1.00|0.70|0.40|0.20 | 0.60 | 0.80 | 0.90 |1.00
B(N) 0.80|0.50|0.20 | 0.00 | 0.90 | 0.70| 0.40 | 0.20 | 0.60 | 0.80 | 0.80 |0.90
o(MPA) [2.45|1.40(0.92|0.37 |2.69|1.88|1.08|0.58|1.63|2.34|2.87 |3.26
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 60 | 48 | 33 0 42 | 38 | 23| 0 | 50 | 25| 10 | 82
X(degree) | 64 | 55 | 38 0 42 | 39 |232| 0 | 50 | 27 | 10 | 82
B(degree) | 68 | 58 | 45 0 42 | 39 | 3 0 | 50 | 25 | 10 | 82
A(N) 0.80|0.70 | 0.00 | 0.00 {1.10{0.70,|.0.20 | 0.20 | 0.60 | 0.80 | 1.00 |1.20
X(N) 0.70|0.60 | 0.00 | 0.0011.10 | 0.70}.0.20 | 0.20 | 0.60 | 0.80 | 1.00 |1.00
B(N) 0.60 | 0.50 | 0.00.1°0.00-11.10 0.70 {.0.20/.0.20 | 0.60 | 0.80 | 0.90 |0.90
d(MPA) [2.171.98|0.99{0.99 {297 |1.90]0.57 1056 | 1.63|2.33|3.21 (3.34
Section CASE 3A CASE 3B CASE 3C
Position 1 2 3 4 s 2 3 4 1 2 3 4
A(degree) | 60 | 42 | 35 |20 {10 | 10 | 10| 85 | 51 |25 |11 | O
X(degree) | 60 | 47 | 47 | 35 {19 [ .18 { 12 | 8 | 51 | 28 | 11 | O
B(degree) | 65 | 57 | 65 | 30 | 25120 | 12 | 86 | 51 | 28 | 11 | O
A(N) 0.800.45/0.20| 0.00 {1.20|0.80|0.70 | 0.50 | 0.60 | 0.80 | 0.90 |0.80
X(N) 0.80|0.45|0.20 | 0.00 | 1.20 | 0.70| 0.50 | 0.50 | 0.50 | 0.80 | 1.00 |1.00
B(N) 0.80|0.45|0.20| 0.00 | 1.00 | 0.60 | 0.45 | 0.40 | 0.50 | 0.80 | 1.00 |1.00
o6(MPA) [2.31/1.24|0.61|0.29 |3.87|2.65|2.17|1.36|1.38|2.27|3.19 |3.28
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 62 | 54 | 54 | 34 |12 | 12 9 0 (45|32 14| 0
X(degree) | 66 | 62 | 78 | 20 |32 | 22 | 12 | 80 |51 | 3B | 14 | O
B(degree) | 73 | 66 | 77 | 22 |40 | 34 | 22 | 78 |50 | 32 |14 | O
A(N) 0.70|0.40 | 0.00 | 0.00 {1.20| 0.70 | 0.50 | 0.50 {0.30|0.50 | 0.80 |0.70
X(N) 0.70|0.40 | 0.00 | 0.20 {1.00| 0.50 | 0.50 | 0.50 {0.30|0.60 | 0.80 |0.80
B(N) 0.70 {0.40 |/ 0.00| 0.20 {0.70]{ 0.50 | 0.30 | 0.30 | 0.30| 0.60 | 0.80 |0.80
d(MPA) |2.17|1.38|0.52|0.55 (2.88|1.83|2.12| 1.35|0.82|1.68|2.63|2.73
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Section CASE1A CASE 1B CASE 1C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 72 | 50 | 49 | 5 38 |15 | 10 | 3 | 38 | 47 | 70 | 85
X(degree) | 75 | 60 | 62 | O 38 |20 | 10 | 5 0 0 0 | 8
B(degree) | 72 | 60 | 72 | O 38 |22 |15 | 5 |22 8 5 0
A(N) 10.00{0.20|0.10|0.00 | 0.60|0.70|0.70|0.70|{0.80 | 0.28 | 0.00 |0.00
X(N) 10.00/0.20{0.10|0.00 | 0.45|0.50|0.50|0.50|0.10 {0.58 | 0.30|0.50
B(N) 0.10/0.10/0.10{0.20 | 0.40 | 0.45|0.30 | 0.30 | 0.60 | 0.45 | 0.50 |0.60
d(MPA) |0.060.57|0.36|0.17|1.21|1.38|1.39|1.38{0.31|1.48|1.591.75
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 75 | 65 | 84 0 48 | 33 | 13| 0 |19 | O 0 0
X(degree) | 75 | 68 | 83 | O 50 | 33|14 | 0 0 | 19| 9 | 84
B(degree) | 80 | 70 | 84 | O 54 |33 |14 | 0 | 37| 25| 9 |84
A(N) ]0.28|0.20|0.00| 0.00.{.0.60|0.70.|.0.60 | 0.60 | 0.80 | 0.28 | 0.28 |0.28
X(N) ]0.00(0.20{0.00| 0.0010.45 | 0.4510.40 | 0.40 | 0.00 | 0.45 | 0.45|0.50
B(N) 0.28 | 0.10 | 0.00.| 0.00 | 0.45 | 0.40 [.0.28 10.28 | 0.45 | 0.50 | 0.60 |0.60
d(MPA) [0.040.70|0.25|0.25 | 1.251.231.121.13|0.06 | 1.52 | 1.58 |1.35
Section CASE 3A CASE 3B CASE 3C
Position 1 2 3 4 s 2 3 4 1 2 3 4
A(degree) | 76 | 19 | 76 |73 |28 | 13 | .8 0 |24 |17 | O 0
X(degree) | 80 | 19 | 73 | 5 27|13 | 7 0 0 0 7 0
B(degree) | 80 | 19 | O 5 27 1713 | 7 0 | 30 |17 | 7 0
A(N) 10.28(0.280.28|0.30|0.70|0.80/0.90|0.80{0.70|{0.00|0.30|0.30
X(N) 10.28/0.28{0.00|0.00|0.45|0.50|0.70|0.50 | 0.00 [ 0.00 | 0.45|0.45
B(N) 0.280.20|0.00 | 0.00 | 0.30 | 0.45|0.45|0.45|0.28|0.28 | 0.60 |0.60
d(MPA) 10.92]0.81|0.29|057|1.22|1.35|190|1.37{0.45|0.96|1.38|1.21
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 54 | 38 | 38 | 38 | 16 | 10 | 11 2 28 | 48 | 75 | 75
X(degree) | 80 | 64 | 76 | 70 | 32 | 10 | 14 2 0 0 0 | 84
B(degree) | 70 | 73 | 82 | 88 | 42 | 10 | 16 3 28 | 17 | 6 0
A(N) ]0.00{0.40|0.20|0.20 |0.90|1.20|1.08 | 1.08 {0.28|0.00 | 0.20 |0.20
X(N) ]0.10{0.30|0.00|0.00 {0.60|0.70|{0.80 | 0.80 {0.00|0.28 | 0.45 |0.45
B(N) 0.100.60|0.28|0.28 |0.50(0.45 | 0.50 | 0.50 |0.45|0.45 | 0.60 |0.70
d(MPA) [0.29]0.85/0.09|0.37 |1.70(2.15|2.28 | 2.29 |0.13|1.28 | 1.33 | 1.22

59




+

% 4-4PCiTL IHr# 2 R 6 XA b &
Section CASE1A CASE 1B CASE 1C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 74 | 55 | 55 | O 30 | 9 4 0 |37 |24 |12 | O
X(degree) | 74 | 60 | 66 | O 40 | 12 | 8 0 |37 |18 |12 | O
B(degree) | 74 | 66 | 70 | O 46 | 22 | 12 | O 0 0 0 0
A(N) ]0.10]0.28|0.10|0.00 | 0.60 | 0.60|0.70 | 0.80 | 0.60 | 0.50 | 0.50 |0.50
X(N) 10.00/0.28{0.10|0.10 | 0.45|0.50|0.50|0.50|0.28 | 0.28 | 0.28 |0.28
B(N) |0.00|0.28|0.10|0.10|0.30|0.30|0.30|0.30|0.00 | 0.00|0.00|0.00
d(MPA) [0.05]0.86/0.45|0.28 |1.21|1.43|1.46|1.48|0.85|1.27|1.691.82
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 75 | 65 | 85 | O 22 | 11 | 8 0 |20 | 52|20 | O
X(degree) | 74 | 75 | 74 0 37 | 15 8 0 85 |8 [ 8 | 0
B(degree) | 78 | 78 | 85 | O 44 |1 22 | 10 | 0 | 70 | 40 | 10 | O
A(N) 10.00(0.10|0.00|0.00 {0.700.900.90|0.90|0.28 | 0.20 | 0.28 |0.28
X(N) 10.10/0.10{0.00 | 0.20/ 0.50 | 0.601.0.60 | 0.60 | 0.28 | 0.28 | 0.00 | 0.28
B(N) |0.00(0.10|0.10.{0.10{0.45|0.4510.45}0.45|0.28 | 0.10 | 0.10 |0.00
d(MPA) [0.31]0.33/0.05/0.31|1.361.85|1.841.82|0.92|0.97|0.32|0.76
Section CASE 3A CASE 3B CASE 3C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 35 | 25 | 15 |- O 1214 2 0 | 25|17 | 9 0
X(degree) | 37 | 28 | 25 | O 249 4 0 | 25|15 | 8 0
B(degree) | 37 | 20 | 25 | O 30112 | 8 0 | 24|15 | 7 0
A(N) |0.00|0.40|0.40|0.40|0.60|0.80|1.22|1.00|0.80|0.90|0.900.90
X(N) ]0.00({0.28|0.28 | 0.28 | 0.50 | 0.60 | 0.70 | 0.70 | 0.45 | 0.60 | 0.60 |0.60
B(N) |0.30(0.00|0.00|0.00|0.45|0.45|0.45]|0.45|0.45|0.45|0.45|0.45
d(MPA) [0.2710.94/0.76|0.76 | 1.55 | 2.16 | 2.58 | 2.62 | 1.24 | 1.63 | 1.62 |1.63
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 54 | 36 | 42 | 42 |10 | 75 | 75 0 32 | 17 | 17 | 85
X(degree) | 78 | 62 | 85 | 85 | 27 | 87 | 87 0 17 1 10 | 5 | 85
B(degree) | 79 | 68 | 85 | 89 |36 | 10 | 8 0 10 | 10 | O | 85
A(N) 10.00{0.30|0.30|0.30|{0.90|1.22|1.22 | 0.90 |0.50|0.50 | 0.70 | 0.60
X(N) ]0.10/0.20|0.00 | 0.00 |0.60|0.80|0.80 | 0.80 {0.28| 0.45| 0.45 |0.45
B(N) |0.00|0.00|0.00|0.00{0.50|0.50|0.50|0.50 {0.28|0.28 | 0.28 |0.28
d(MPA) [0.32]0.72/10.83|1.39|1.81(2.69|3.28 | 2.15|0.76|1.21 | 1.33 | 1.06
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Section CASE1A CASE 1B CASE 1C
Position | 1 2 3 4 1 2 3 4 1 2 3 | 4
A(degree) | 30 | 26 | O 0 26 | 10 | 7 2 | 38 | 47 | 70 | 85
X(degree) | O 0 0 7 28 | 12 | 6 0 0 0 0 | 85
B(degree) | O | 8 |87 | 17 | 35 | 15 | 7 | 8 |22 | 8 5 0
A(N) 10.10{0.20|0.20|0.20 | 0.70 |0.80|0.90|0.80|0.80 | 0.28 | 0.00 |0.00
X(N) [0.10|0.00|0.00|0.00|0.50 |0.55|0.55|0.50|0.10 { 0.58 | 0.30 |0.50
B(N) |0.10(0.00|0.00|0.10|0.30|0.40|0.40|0.30|0.60 | 0.45|0.50|0.60
d(MPA) [0.29]0.31/0.46|0.41|1.37|153]150|1.35|0.31|0.99|0.87 |1.25
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 40 | 30 | 30 | 5 27 | 11 | 5 1 119] 0 0 0
X(degree) | O 0 0 5 30 |12 | 6 1 0 |19 9 |84
B(degree) | O | 85 | 85 | 9 30 | 15 | 8 1 |37 25| 9 |84
A(N) 10.10{0.10|0.00 | 0.00 {.0.60 |0.8010.80|0.90|0.80|0.28 |0.28|0.28
X(N) ]0.10/0.00{0.00|0.000.50 | 0.600.50 | 0.50 | 0.00 [ 0.45| 0.45|0.50
B(N) |0.10|0.00|0.00.{0.00{0.45|0.4510.280.28 | 0.45 | 0.50 | 0.60 | 0.60
d(MPA) [0.29]0.27|0.35/0.35| 140 | 1.80|1.45}1.43|0.13|1.28|1.43|1.22
Section CASE 3A CASE 3B CASE 3C
Position | 1 2 3 4 1 2 3 4 1 2 3 | 4
A(degree) | 50 | 25 | 5 |85 |26 | 14 | 5 0 |24 |17 | O 0
X(degree) | 50 | 25 | 5 | 85 | 26. .17 | 10 | 3 0 0 7 0
B(degree) | 50 | 25 | 5 | 8 | 26 |14 | 12 | 7 | 30 |17 | 7 0
A(N) 10.28(0.20|0.10|0.00 | 0.50|0.70/0.80|0.80|0.70{0.00|0.30|0.30
X(N) 10.28/0.20{0.00|0.00 | 0.45|0.45|0.50|0.50 | 0.00 [ 0.00 | 0.45|0.45
B(N) |0.28|0.20|0.00|0.00 | 0.30 |0.30|0.30|0.30|0.28 | 0.28 | 0.60 | 0.60
d(MPA) [0.76 10.59/0.02|0.03 | 1.27|1.23]1.36|1.38|0.26 |0.65|1.42 151
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 75 | 67 | 70 | O | 45| 27 | 12 0 28 | 48 | 75 | 75
X(degree) | 80 | 70 | 78 | O |55 | 38 | 20 0 0 0 0 | 84
B(degree) | 80 | 68 | 80 | O |60 | 45 | 38 0O | 28|17 | 6 0
A(N) 10.30{0.20|0.00|0.00 |0.60|0.50|0.45| 0.45 |0.28|0.00 | 0.20 |0.20
X(N) 10.28/0.20|0.00| 0.00 |0.50| 0.45|0.30| 0.30 {0.00| 0.28 | 0.45 |0.45
B(N) |0.28(0.20|0.00|0.00 |{0.50|0.45|0.10 | 0.10 | 0.45|0.45 | 0.60 |0.70
d(MPA) [0.93]0.67/0.11|0.11|1.43|1.21/0.82|0.83 |0.13|1.28|1.15|1.22
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Section CASE1A CASE 1B CASE 1C
Position | 1 2 3 4 1 2 3 4 1 2 3 | 4
A(degree) | 41 | 24 | 8 0 11 | 5 2 0O |30 | 20 | 8 0
X(degree) | 56 | 33 | 15 | O 22 | 8 2 0O | 16 | 16 | 8 0
B(degree) | 65 | 68 | 83 | O 33 | 11 | 8 0 8 8 5 0
A(N) 10.28(0.30/0.30|0.30{0.80|1.00|1.22|1.22|0.45|0.50|0.50|0.50
X(N) 10.10/0.28{0.28 | 0.28 | 0.50 {0.90|0.90|0.90|0.28 {0.30|0.30{0.30
B(N) |0.10(0.10|0.00|0.00 | 0.45|0.60|0.60|0.60|0.28 | 0.28 | 0.28 |0.28
d(MPA) [0.380.81/0.81|0.81|1.56|3.08|3.20(3.25|0.77{0.88 | 1.00 |1.04
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 40 | 25 | 15 | O 13 | 5 0 0 [ 3 |25|10] 0
X(degree) | 45 | 50 | 20 | O 22 | 8 2 0 | 25|18 | 7 0
B(degree) | 60 | 70 | 83 | O 26 | 13 | 7 0O | 10 | 10 | 3 0
A(N) 10.10{0.30|0.30|0.30{0.700.80|1.22|1.22|0.70{0.70 | 0.70 |0.70
X(N) 10.10/0.10{0.10| 0.20/0.50 | 0.6010.80 | 0.80 | 0.30 | 0.45| 0.45|0.45
B(N) |0.00|0.10|0.00.{0.00{0.45|0.50 0.50}0.50 | 0.28 | 0.28 | 0.28 | 0.28
d(MPA) [0.28 |0.46 | 0.57|0.65 | 1.53 | 2.05|2.85|2.93|0.82|1.45|1.76 |1.89
Section CASE 3A CASE 3B CASE 3C
Position | 1 2 3 4 1 2 3 4 1 2 3 | 4
A(degree) | 57 | 28 | 12 |- 0 9 5 2 0 | 22 | 10| 6 0
X(degree) | 57 | 28 | 10 | © 1719 5 0O | 28 |16 | 6 0
B(degree) | 57 | 25 | 10 | O 257715 | 9 0 | 24 |16 | 6 0
A(N) 10.30({0.30]/0.30|0.00{0.90|1.00|1.22|1.22|0.90{0.90|0.90|0.90
X(N) 10.30/0.28{0.00|0.00|0.50{0.80|0.80|0.80|0.50(0.70|0.70|0.70
B(N) /0.10(0.10|0.00|0.00|0.45|0.45|0.45]|0.45|0.45|0.45|0.45|0.45
d(MPA) [0.90|0.78|0.79|0.91 | 1.59 |2.69|2.79 |2.84 |1.37|1.95|1.96 |1.94
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 70 | 64 | 70 | O | 20| 8 3 0 37 | 47 | 52 | O
X(degree) | 75 | 68 | 75 | O |40 | 15| 8 0 0 0 0 0
B(degree) | 70 | 70 | 78 | O |50 | 33 | 15 0O | 37|18 | 6 0
A(N) 10.30(0.28|0.10|0.00 |0.50|0.50 | 0.60 | 0.60 | 0.40|0.30 | 0.00 |0.00
X(N) 10.30/0.28|0.10|0.10 |0.45|0.45|0.45| 0.45 {0.10| 0.00 | 0.10 |0.10
B(N) /0.30(0.28|0.10|0.10{0.30/0.28|0.28 | 0.28 |0.10|0.10 | 0.28 |0.28
d(MPA) [0.95]0.86/0.38|0.28 |1.22|1.45|1.62| 1.69 |0.28|0.78 | 0.81 |0.75
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Section CASE1A CASE 1B CASE 1C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 53 | 62 | 79 | O 61 | 70 | 81 | O 0 2 2 0
X(degree) | 53 | 57 | 79 | O 61 | 70 | 81 | O 2 5 2 0
B(degree) | 42 | 53 | 79 | O 61 | 70 | 81 | O 7 7 2 0
ANN) 1122(139|1.39|1.39|1.22|1.08(1.08|1.08|0.70|0.80(0.800.80
X(N) ]1.2211.39(139(1.39|1.22|1.22|1.22|1.22{0.80|0.80|0.80{0.80
B(N) 1.3011.39(1.39|1.39|1.22|1.22|1.22|1.22|0.80|0.80|0.80{0.80
d(MPA) [3.32]3.80|4.18|4.94 |3.50|3.69|3.84(4.17|2.74|2.94|3.04 |3.04
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 33 | 50 | 83 | 10 6 6 | 10 | 5 9 | 12 | 8 3
X(degree) | 33 | 55 | 83 | 10 |[1518| 18 | 18 | 6 9 | 10 | 8 3
B(degree) | 33 | 55 | 83 | 10 | 33 | 33 |8 |10 | 9 |10 | 8 3
A(N) 11.20({1.39|1.39|1.39{0.90{0.80(0.90|0.90|0.80|0.80|0.800.80
X(N) ]1.20/1.39|1.39|1.41/1.00|1.001.00|1.00{0.80|0.80|0.80{0.80
B(N) 1.2011.39(1.39./1.4111.00|1.22|1.30}1.20|0.70|0.70|0.70 |0.70
d(MPA) |3.36 |3.86|4.60|4.49 | 2.89 | 4.67 | 5.44 [5.94 | 258 |2.51|2.47 |2.48
Section CASE 3A CASE 3B CASE 3C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 30 | 42 | 75 |- 0 15779 115.] 0 0 8 |11 | O
X(degree) | 30 | 42 | 75 | O 2020120 | O 4 8 8 4
B(degree) | 30 | 42 | 75 | O 30730 [ 30| O 8 8 8 4
A(N) |1.00(1.22|1.20|1.22|0.90{0.80{0.90|0.90|0.70|0.70 | 0.70 |0.80
X(N) ]1.00(1.22|{1.30{1.30|1.00|0.90|0.90|0.90{0.70|0.70|0.80{0.80
B(N) 1.00/1.22|{1.39|1.39|1.00|1.001.20|1.20|0.80|0.80|0.80{0.80
d(MPA) |2.85|3.29|4.05|4.39 |3.27 |3.62|4.54 |5.38|2.42|2.55|2.87 (294
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 31 | 45 | 70 | O |18 | 7 | 13 7 3 9 8 3
X(degree) | 31 | 46 | 70 | O | 30 | 18 | 18 7 7 |10 | 8 3
B(degree) | 31 | 45 | 70 | O |30 | 30 | 30 0 7 |10 | 8 3
A(N) |1.00({1.20|1.20|1.20{1.00/0.80|0.80 | 0.80 |0.70|0.70 | 0.70 {0.80
X(N) ]1.00(1.20{1.20|1.20|1.00/0.90|0.90 | 0.90 {0.70|0.70 | 0.70 |0.70
B(N) 1.00/1.20{1.39|1.391.00/1.00|1.00 | 1.00 {0.70|0.70 | 0.70 |0.70
d(MPA) [2.83]3.23|3.62|4.09|2.95/3.52(4.41|4.90 |2.34|2.38 241|243
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Section CASE1A CASE 1B CASE 1C
Position | 64 | 73 | 84 | 3 73 |83 |8 | 1 3 9 6 0
A(degree) | 64 | 73 | 84 | 3 73 |83 |8 | 1 3 8 6 0
X(degree) | 55 | 64 | 82 | 3 73 | 8 |8 | 1 3 8 6 0
B(degree) | 1.39{1.391.39|1.39 (1.391.22|1.22|1.22|0.80|0.90|1.00 |1.00
A(N) 1.3911.39(1.39|1.39|1.39|1.22|1.22|1.22|0.80(0.90|1.00|1.00
X(N) 1.3911.39(1.39|1.40|1.39|1.39|1.39|1.39|0.80(0.90|0.90|{0.90
B(N) |4.00(4.02|4.02|5.34|4.33(3.93|3.92|4.13(2.63[2.91|3.23|3.24
O(MPA) | 64 | 73 | 84 | 3 73 |83 |8 | 1 3 9 6 0
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 30 | 47 | 77 2 87 19 | 81 | 4 8 6 0
X(degree) | 30 | 47 | 77 2 5 5119 |81 | 4 7 5 0
B(degree) | 30 | 45 | 77 2 19 |19 | 19 | 81 | 4 7 5 0
A(N) 1.00|1.20|1.20| 1.20 {0.90 | 0.80./.0.90 | 0.90 | 0.50 | 0.60 | 0.70 |0.80
X(N) 1.00|1.20|1.20| 1.20{ 1.00 | 1.00}.1.00 | 1.00 | 0.60 | 0.60 | 0.70 |0.80
B(N) 1.00/1.20{1.39.41.3911.00|1.101.10}1.10 | 0.60 [ 0.60 | 0.70 |0.70
d(MPA) |2.85|3.23|3.78|4.05 | 3.58 | 4.32 1452 12.74|1.98|1.96 | 2.27 |2.60
Section CASE 3A CASE 3B CASE 3C
Position 1 2 3 4 s 2 3 4 1 2 3 4
A(degree) | 28 | 32 | 70 |- 0 2 7 7 0 0 |10 | 13 | 3
X(degree) | 28 | 32 | 70 | O 13,13 113 | O 3 110 | 8 3
B(degree) | 26 | 32 | 70 | O 29129 | 29 | O 3 110 7 3
A(N) 1.00/1.20{1.20|1.20 | 0.90 |0.80|0.90|0.90 | 0.45|0.50|0.70 |{0.80
X(N) 1.00|1.20|1.30|1.30 | 1.00 | 0.90 | 0.90 | 0.90 | 0.50 | 0.50 | 0.70 |0.80
B(N) 1.001.20|1.39|1.39|1.00|1.00|1.00|1.00|0.60|0.60|0.70 |0.70
o(MPA) |2.88|3.36|3.96|4.37|3.64|4.38|5.44|6.15{1.68|1.70|2.31|2.58
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 34 | 43 | 78 5 18 |8 | 0 6 7 | 10 8 0
X(degree) | 34 | 43 | 78 5 18 |8 | 0 5 8 | 11 7 0
B(degree) | 33 | 43 | 78 | 5 7 4 0 5 8 | 10 | 7 0
A(N) 1.08 | 1.08|1.08 | 1.08 {0.90|0.80|0.80 | 0.80 {0.45|0.50 | 0.80 |0.80
X(N) 1.08 1.08|1.22|1.22(0.90|0.80|0.80 | 0.80 {0.50|0.60 | 0.70 |0.70
B(N) 1.08 1.081.39|1.39 |1.00|0.90 | 0.90 | 0.90 {0.60|0.60 | 0.60 |0.70
d(MPA) |3.00]2.91|3.86|4.15(2.90|254|2.72|2.70 |1.66|2.01|2.34|2.32
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Section CASE1A CASE 1B CASE 1C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 15 | 15 | 8 0 75 | 87 | 5 0 0 | 11 | 7 0
X(degree) | 15 | 15 | 15 | O 78 | 718 | 5 0 7 (10 | 7 0
B(degree) | 15 | 15 | 22 | O 5 5 5 0 7 9 7 0
A(N) 10.90({0.80]/0.90|0.90|0.90|0.70|0.70|0.80|0.50 | 0.60 | 0.60 |0.60
X(N) 10.80/0.80{1.00|1.20|0.90|0.80|0.80|0.80|0.60|0.60|0.60 |0.60
B(N) /0.80(0.80|1.22|1.22|0.90|0.80|0.80|0.80|0.60 |0.60|0.60 |0.60
d(MPA) 250|247 |3.43|4.64|3.04|2.86|2.41|2.43|2.04|2.08|2.08|2.10
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 7 6 1 5 7 4 |10 5 10|18 |10 O
X(degree) | 7 6 1 5 7 2 2 511015 | 6 0
B(degree) | 6 6 1 5 7 2 2 5 11012 | 6 0
A(N) 10.80{0.80|0.90|0.90 {0.80|0.6010.80|0.80|0.45|0.45|0.70|0.80
X(N) 10.80/0.80|1.20| 1.20/0.80 | 0.8010.80|0.80|0.45|0.60|0.70|0.70
B(N) /0.80|1.00|1.30.{1.30{0.80|0.85/0.85}0.85|0.45|0.60 | 0.60 |0.60
d(MPA) [2.59|2.61|3.98|4.00 261 |262|2502.40|1.45|1.88|2.21|2.17
Section CASE 3A CASE 3B CASE 3C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 3 | 8 | 8 |- 0 318 18 10 | 8 9 3 0
X(degree) | O | 80 | 8 | © 3..1851(8 | 4 8 9 3 0
B(degree) | 89 | 74 | 80 | O 3 0 | 80 | 4 8 8 3 0
A(N) 10.50(0.70]0.80|0.80|0.80|0.80|0.60|0.60|0.45|0.50|0.80{0.80
X(N) 10.45/0.70{0.80|0.80 | 0.80 |0.80|0.80|0.60 | 0.45|0.50|0.80|0.80
B(N) |0.45/0.70|0.80|0.80|0.80|0.80|0.70|0.70|0.45|0.50 | 0.70 |0.70
d(MPA) [1.46|2.17|2.33|3.06|2.63|2.70/2.70|191|1.46|1.61|2.61|2.61
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | O | 84 | 86 | 6 0O | 86 | 86 6 5 9 3 0
X(degree) | O | 84 | 89 | O 0O | 86 | 86 6 5 9 3 0
B(degree) | O | 84 | 89 | O 0O | 84 | 86 6 5 8 3 0
A(N) 10.80{0.80|0.80|0.80|0.80|0.80|0.60 | 0.50 |0.45|0.50 | 0.50 [0.50
X(N) 10.80/0.80|0.80|0.80|0.80|0.80|0.60 | 0.50 {0.45|0.45|0.45|0.45
B(N) |0.70(0.80|0.90|0.90|0.80/0.80|0.60 | 0.60 |0.45|0.45 | 0.45 |0.45
d(MPA) [2.64|2.62|2.68|247|2.64(2.60|191|1.71 |1.47|1.44 144|144
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Section CASE1A CASE 1B CASE 1C
Position | 1 2 3 4 1 2 3 4 1 2 3 | 4
A(degree) | 3 3 3 0 79 | 85 | 2 4 8 | 10 | 7 0
X(degree) | 5 5 8 0 85 | 85 | 0 4 8 | 11 | 7 0
B(degree) | 7 8 |17 | O 88 | 88 | O 4 7 |10 | 7 0
A(N) |1.00{0.90|1.00|1.00|1.00|0.70/0.70|0.80{0.50{0.50|0.70|0.80
X(N) ]1.00/1.00{1.00|1.00]|1.00{0.80|0.80|0.80|0.50(0.50|0.70{0.80
B(N) 1.00/1.10{1.10|1.10|1.00 | 0.80|0.80|0.90 | 0.50 [ 0.50 | 7.00 |0.70
d(MPA) [3.35|3.56|4.01|4.44|3.45|3.04|2.29|2.27|1.62|1.59|3.30 4.89
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 87 | 87 | O 7 3 2 5 7 | 15|18 | 5 0
X(degree) | 85 | 83 | O 8 2 0 0 7 | 15|15 | 5 0
B(degree) | 83 | 78 | 0 | 10 0 |8 | 0 7 |15 110 | 5 0
A(N) |0.50(0.50|0.60 | 0.60 {.0.50|0.50|0.50|0.50|0.45|0.45|0.70 |0.70
X(N) 10.50/0.50{0.70 | 0.70-/ 0.50 | 0.5010.50 | 0.50 | 0.45 | 0.45 | 0.50 | 0.50
B(N) |0.50|0.50|0.50.{0.80{0.50 | 0.50}0.50}0.50|0.45 | 0.45 | 0.45|0.45
O(MPA) |1.60|1.49|2.57|262|1.62|159|1551.50|1.42|1.37|1.51|1.50
Section CASE 3A CASE 3B CASE 3C
Position | 1 2 3 4 1 2 3 4 1 2 3 | 4
A(degree) | 85 | 82 | 85 |- O 4 4 4 3 9 | 13 | 7 0
X(degree) | 85 | 82 | 85 | O 4 0 0 0 9 | 11 | 7 0
B(degree) | 83 | 87 | 85 | 0O 018 |8 | O 9 9 5 0
A(N) 10.60({0.70|0.70|0.70 | 0.60 | 0.60 | 0.60 | 0.60 | 0.45 | 0.45|0.70 |0.70
X(N) ]0.60|0.60{0.60|0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.45 | 0.45| 0.45|0.45
B(N) |0.60|0.60|0.80|0.80 | 0.60 |0.60|0.60|0.60|0.45|0.45|0.45|0.45
d(MPA) [1.94|198|2.06|190|193|1.89|1.89|1.86|1.46(1.42|1.37|1.34
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 87 | 84 | 87 | O 6 4 4 4 1311 | 0 | 85
X(degree) | 84 | 83 | 87 | O 4 0 0 0 111 9 0 | 87
B(degree) | 83 | 82 | 87 | O 0 | 8 | 87 0 9 7 0 | 87
A(N) 10.70{0.70|0.70| 0.70 |0.60| 0.60 | 0.60 | 0.60 |0.45|0.45 | 0.50 |0.50
X(N) 10.70/0.70|0.80 | 0.80 |0.60| 0.60 | 0.60 | 0.60 |0.45| 0.45|0.45 |0.45
B(N) |0.70(0.70|0.80|0.80 |0.60|0.60 | 0.60 | 0.60 | 0.45|0.45 | 0.45 |0.45
d(MPA) [2.2412.16|2.48|2.81|1.90/1.86|1.86|1.81 |1.42|1.37|1.37|1.64
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Section CASE1A CASE 1B CASE 1C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 85 | 80 | 8 | 0 0 | 86 |8 | 0 7 4 4 0
X(degree) | 83 | 78 | 85 | O 0 | 86 |8 | 0 7 4 4 0
B(degree) | 81 | 76 | 85 0 0 8318 | 0 7 4 4 0
A(N) 10.45]045]0.45|0.45|0.45|0.45]|0.45|0.45|0.45|0.45|0.45|0.45
X(N) ]0.45(0.45[0.45|0.45|0.45|0.45|0.45|0.45|0.45|0.45|0.45|0.45
B(N) 0.45|0.45|0.45(0.45|0.45|0.45(0.45|0.45|0.45|0.45|0.45|0.45
O(MPA) |14411.36|1.36|1.62|148|1.46|1.45|152|1.47|1.48|1.48|1.48
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 0 | 8 | O 6 3 0 6 8 | 15| 11 | 4 0
X(degree) | O | 84 | O 6 3 89 | O 8 9 9 4 0
B(degree) | O | 82 | O 0 3 18 |0 6 8 8 4 0
A(N) |0.50|0.50|0.60|0.60 {0.50|0.45|0.45|0.45|0.45|0.45|0.45 |0.45
X(N) ]0.60[0.60|0.60|0.6010.50 | 0.4510.45|0.45|0.45(0.45|0.45|0.45
B(N) 0.60 | 0.60 | 0.60.[0.70{-0:50 | 0.45 {0.45].0.45 | 0.45| 0.45 | 0.45 | 0.45
d(MPA) |1.98[1.91|2.09|2.00 164147 1.45(1.37|1.41|1.34|1.34|1.34
Section CASE 3A CASE 3B CASE 3C
Position 1 2 3 4 s 2 3 4 1 2 3 4
A(degree) | 86 | 81 | 88 |- 5 88 18 | 8. 5 9 | 14 | 7 0
X(degree) | 86 | 81 | 88 | 5 87.,.81 18 | 5 9 | 10 | 7 0
B(degree) | 86 | 80 | 88 | 5 86 |1 8L | 8 | 5 9 |10 | 7 0
A(N) 10.70]0.70|0.70| 0.70 | 0.50 | 0.50 | 0.50 | 0.50 | 0.45 | 0.45| 0.45 |0.50
X(N) 1]0.70(0.70{0.80|0.80 | 0.50 |0.50 | 0.50|0.50 | 0.45|0.45|0.45|0.45
B(N) 0.70/0.70|0.80 [ 0.90 | 0.50 | 0.50 | 0.50 | 0.50 | 0.45| 0.45 | 0.45 |0.45
d(MPA) |2.30|2.26|2.60|2.67|1.63|154|152|180(1.46|1.42|1.41|1.42
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 87 | 87 | 87 0 0 8| 0 0 12 | 10 | 3 0
X(degree) | 87 | 85 | 87 0 0 | 87 | 89 0 10 | 9 3 0
B(degree) | 89 | 84 | 87 0 0 | 87 | 89 3 8 8 3 0
A(N) 1]0.70]0.70|0.70| 0.70 |0.60| 0.50 | 0.50 | 0.50 [0.45|0.45|0.45 |0.45
X(N) 10.70{0.80|0.80|0.80 {0.60|0.60 | 0.60 | 0.60 {0.45]|0.45|0.45|0.45
B(N) 0.70/0.80|0.80 | 0.80 |0.60| 0.60 | 0.60 | 0.60 |0.45| 0.45 | 0.45 |0.45
d(MPA) |2.33|2.62|258|2.70(1.98/1.95|1.92|2.09 |1.42(1.39|1.39|1.39

67




# 4-12PS AV BHr F ¥ # R 6 IR T R4 %

Section CASE1A CASE 1B CASE 1C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | O | 89 | 8 | 0 85 | 8 8 0 | 13|15 | 9 0
X(degree) | O | 88 | 8 | 0 8 | 2 2 4 |13 |13 | 6 0
B(degree) | 87 | 87 | 88 | 0O 85 |8 | 8 | 4 |12 |12 | 6 0
A(N) [0.80|0.80/0.80|0.80|0.70|0.50|0.70|0.70|0.45|0.45{0.70 |0.80
X(N) 10.80/0.80{0.80{0.90|0.70{0.70|0.70{0.70 | 0.45 | 0.45|0.70 | 0.80
B(N) 0.80/0.80/0.90|1.00|0.70 |0.70{0.70 | 0.70 | 0.45| 0.45 | 0.70 {0.80
Od(MPA) |2.68 (252|247 |3.17 (229 |2.26|2.14|2.12|1.43|1.40|2.19(2.50
Section CASE 2A CASE 2B CASE 2C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 6 6 0 0 4 4 9 0 | 15| 18 | 7 0
X(degree) | 6 6 |82 | O 1 1 4 0 | 15|15 | 6 0
B(degree) | 6 6 |82 | O 6 1 1 0 |14 |11 | 6 0
A(N) |0.80{0.80{0.90|0.90 {.0.80}0.60,|0.60|0.80|0.45|0.50|0.70|0.70
X(N) 10.80(0.80|1.00| 1.0010.80 |0.8010.80|0.80|0.45|0.50 |0.50 |0.50
B(N) 0.80|0.80|1.20.{ 1.20 1 0.80 | 0.80 [.0.8010.80 | 0.45|0.50 | 0.50 |0.50
d(MPA) |2.62|2.62|3.09|3.69 | 267 | 2.66 |2.54 [2.47 |1.41|1.51|1.49 |1.47
Section CASE 3A CASE 3B CASE 3C
Position 1 2 3 4 s 2 3 4 1 2 3 4
A(degree) | O | 8 | 8 |- 0 8 0 0 6 |10 | 11 | O | 86
X(degree) | 88 | 78 | 85 | O 6 8 9 6 | 10 | 9 0 | 86
B(degree) | 85 | 77 | 79 | O 618 |8 | 6 | 10 | 8 0 | 86
A(N) [0.50(0.70/0.70|0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.45 | 0.50 | 0.60 | 0.80
X(N) 10.45/0.70|0.70{0.70 | 0.70 | 0.70 | 0.70{ 0.70 | 0.45 | 0.50 | 0.60 | 0.60
B(N) 0.45/0.70|0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.45| 0.50 | 0.60 |0.60
d(MPA) |1.44|2.08|2.00|2.82|2.26|229|242|252|1.45|1.59|1.922.04
Section CASE 4A CASE 4B CASE 4C
Position 1 2 3 4 1 2 3 4 1 2 3 4
A(degree) | 0 | 83 | 85 0 5 5 0 4 11 | 12 3 | 88
X(degree) | O | 83 | 83 0 518 | 0 5 11 | 11 3 | 89
B(degree) | O | 83 | 83 | O 518 | 0 5 11 | 8 3 | 89
A(N) 10.80{0.80|0.80|0.80{0.80|/0.80|0.70 | 0.60 |0.45(0.50 | 0.50 |{0.50
X(N) 10.80({0.80|0.80|0.80(0.80/0.80{0.80| 0.60 {0.45]|0.50 | 0.50 {0.50
B(N) 0.80 10.80|0.90|0.90 |0.80(0.80 | 0.80 | 0.70 |0.45|0.50 [ 0.50 [0.50
d(MPA) |2.64|2.61|257|2.72(2.62|2.63|2.64|1.99 |1.45|1.57|1.58|1.73
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